Introduction
Numerical computations of the effective elastic moduli of heterogeneous structures have been considered in several papers (see e.g. [1] , [3] , [4] , [5] , [7] , [11] and the references therein). Particularly in [11] some engineering and mathematical aspects of the homogenization method for such computations were discussed. In this paper we continue this discussion. The presentation of the theory concerning effective properties is made as simple as possible without involving complicated convergence processes. We focus on the fact that the formulations of the effective properties are quite natural from the physical point of view, something that is often hidden in modern mathematical literature of composite materials.
A general numerical method for the computation of effective elastic moduli of periodic composites is presented. This method is a variant of the "displacement method" given in [11] . We point out conditions under which the numerical treatment can be simplified. In particular, we study unidirectional fiber composites and discuss methods for deriving all elements of the corresponding effective stiffness matrix only by considering two-dimensional problems. Moreover, we consider conditions for which the periodic boundary conditions are reduced to piecewise constant Dirichlet boundary conditions and Neumann conditions, at least in a rotated coordinate system. In addition we present some concrete numerical examples where all the elastic moduli are computed.
Effective elastic moduli
For an isotropic material the shear modulus G and bulk modulus K in plane elasticity (plane strain) are related to the well known Young's modulus E and Poisson's ratio ν as follows:
The bulk modulus k of the three-dimensional theory is given by
Thus the plane strain bulk modulus K can be expressed as
If the material is a thin plate, we consider the plane-stress problem. In this case the plane stress bulk modulus is expressed as
The shear modulus G is independent of the dimension and also independent of whether we are dealing with the plane-strain or plane-stress problem. Let us first consider the general case when the local stiffness matrix is symmetric and periodic relative to a cell Y ⊂ 8 3 and assumes the form
